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anpoaad  to  aevera  lelvenle  corroaion  ceueod  by  Intoreonneetlon  with  the  graphite 
Inpregnated,  polyethylene  cable  ahaath  which  acta  aa  a large  cathode.  The  Air 
Force  Civil  Engineering  Center  conducted  laboratory  and  field  teata  to  dotomlne 
the  nagnltude  of  corroaion  for  the  three  different  epliee  caaea  In  uee  end  to 
develop  the  aurfaea  potential  criteria  naeaaaary  to  achieve  adequate  cathodic 
protection  (CF).  Teat  reeulta  aheved  that  alualnua  epliee  eaaea  fall  quicker 
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Than  cast  lron«  and  that  bronze  splice  cases  with  bronze  connecting  hardware 
experience  little  corrosion.  The  Interconnection  of  dissiallar  wetals  (graphite 
and  splice  case)  resulted  in  the  surface  potential  criteria  being  significantly 
different  froa  the  standard  CP  criteria  of  either  a -.85  volt  surface  potential 
or  a negative  300  allllvolt  shift.  The  revised  criteria  for  an  alualnua  splice 
case  called  for  a surface  potential  of  -.55  volt  or  a negative  409  allllvolt 
shift,  whereas  the  cast  iron  splice  case  required  a surface  potential  of  -.34 
volt  or  a negative  510  millivolt  shift.  The  revised  surface  potential  criteria 
and  the  procedure  developed  to  determine  the  degree  of  corrosion  can  be  used 
on  any  underground  metallic  system  with  dissimilar  Mtals. 
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PREFACE 


This  rsport  was  praparad  by  ths  Rlr  Tores  Civil  Enginasring  Csntsr 
(ETCBC),  Tyndall  EFB  TL  32403,  uadsr  Job  Order  Nwibsr  20544C1S.  Final 
tachnlcal  ravisw  was  accoavlishad  by  OatacIsBant  1 (CBBOO)  RDTC,  Tyndall 
ATB  PL  32403. 

Rffwctlva  1 March  1979  CREDO  and  EPCEC  bacaas  dlrectoratas  of  ths  Eir 
Fores  Englnssring  and  Servicss  Cantor,  located  on  Tyndall  EFB  FL  32403. 
CEEDO  baeaaa  tha  Bnginaaring  and  Sarvicas  Laboratory  and  EFCBC  bacasM  tha 
Diractorata  of  Oparations  and  Malntananca . 

This  report  susssariaas  work  done  between  Novosibar  1975  and  March  1979 
by  Mr.  Thoaas  P.  Lawlckl  (EFCEC).  Lt  Robert  J.  Gunning  and  Maj  Roger  J. 
Girard  (CREDO)  assisted  hia  with  preparation  of  tha  final  report. 

This  report  has  bean  reviewed  by  tha  Znfonsation  Office  (OI)  and  is 
to  tha  National  Technical  Znfonsation  Service  (MTZ8).  At  NTZS 
it  will  be  available  to  the  general  ptdslle,  including  forel^t  nations. 

This  technical  report  has  been  reviewed  and  is  approved  for  publica- 
tion. 




OOt^.  T0RK,«Lt  Col,  USRF 

Chief,  Engineering  Research  Division 


JOSEPH  S.  FXZZUTO,  Col,  USRF,  BSC 
Director,  Engineering  and  Services 
Laboratory 


1 innfjsins  fw  JL 

NTIS 

Section 

DDC 

E irf  swiiMi  nj 

D 

jusncicv 

Ct! 

1 nist  AVA'L 

SPECINL 

a 

i 

(The  reverse  of  this  page  is  blank) 


( 

1 


k 


/ 

TSBLB  OF  CONTDITS 

Section 

Titlo 

PSS* 

\ 

X 

I 

ZNTRODUCTXON 

1 

k.  kkCKimomiD 

1 

% 

IZ 

LABORSTOmr  TESTS 

2 

m 

k.  SHSLTSXS 

2 

B.  TEST  OBJECTIVES 

2 

C.  TEST  SPPSRSTUS 

2 

0.  TESTS  TO  DETERHIMS  MSOMITODE 
or  COBROSXCM 

5 

i 

j 

E.  TESTS  TO  LOCATE  AREAS  OF  MAXIMUM 
CURRENT  DZSCHAR(» 

13 

t 

r.  TESTS  TO  DEVELOP  A METHOD  FOR 

DETERMIMXNO  THE  MINIMUM  CATHODIC 
CATHODIC  FROTECTXOM  REQUIRED 

13 

0.  BOLT  TESTS  FOR  BRONZE  SPLICE  CASES 

14 

xzz 

FIELD  TESTS 

27 

1 

1 

1 

A.  OSNSRAL 

27 

B.  ALUMINUM  SPLICE  CASE 

27 

C.  CAST  XRCSI  SPLICE  CASE 

33 

i 

IV 

CATHODIC  PROTECTION  SURVEY  PROCEDURE 

FOR  SPLICE  CASES 

> 

37 

i 

A.  SURVEY  PROCEDURE 

37 

B.  SURFACE  POTENTIAL  CRITERIA 

37 

V 

RECOMMEMDATIOMS 

3B 

t* 

• 

1 

1 

i 

• 

ill 

i 

: 

— — 1 ^ ■■  ■ 

LIST  OF  FXGUnS 

t 

Piaur* 

Title 

Page 

9 

1 

Surface  Area  Ratio  Bxaaple  - Cable/Splice 

Case 

3 

f 

2 

AluMlnus  Splice  Case  and  Tifo  Oraphlte 
Isqprefsuited  Cables  Positioned  Inside 
a Coated  Steal  Trou<^ 

6 

3 

4 

Test  Set-qp  for  Measuring  Galvanic 

Corrosion  Current 

Corroded  Alusilnun  Splice  Case  After 

60  Days  Bqposure 

7 

11 

/ 

5 

Close-tip  of  Corrosion  Dasuige  to  Aluninini 

Splice  Case 

12 

6 

Set-Up  for  Galvanic  Current  and  Potential 
Measureaent  in  the  Lab 

16 

7 

Circuitry  Used  to  Measure  Rectifier  Current 

17 

l» 

8 

Lab  Set-Up  for  Barth  Current  Meter  Tests  at 
Bolts  - Bronse  Splice  Case 

19 

« 

9 

Corrosion  to  Bolts  10  and  1 (right  to  left) 

21 

10 

Stainless  Steel  Nuts  1,  3.  and  4 Corroded 
away  after  IH  Tears  in  Water  (Lab  Test) 

22 

11 

Stainless  Steel  Nut  NUsSier  8 Corroded  away 
after  1%  Tears  in  Water  (Lab  Test) 

23 

12 

Set-Up  to  Measure  Corrosion  Resistance  of 
Bronse  Bolts  for  Bronse  Splice  Cases 

25 

13 

A Portion  of  the  HZCS  Near  WhitesMn  AFB, 
Missouri 

28 

14 

Set-Up  to  Measure  Barth  Potential  Drop  (Two 
Blectrode  Method) 

29 

4 

IS 

Set-Up  to  Measure  Structure  to  Barth 

Potentials  (Single  Blectrode) 

32 

V 

16 

Measuring  Potential  Drop  in  Bleetrolyte 
(Two  Blectrode  Method) 

36 

i 

< 

iv 

> 

( 

« '*1 — — — — - - — - 1 

LXIT  or  TMILU 


Tables 

Title 

ism 

1 

Open  Circuit  Driving  Potential 

4 

1 

2 

Galvanic  Current  Naasureaants  - 
Cast  Iron  SPlice  Case 

8 

3 

Galvanic  Current  Heasureaents  - 
bluainw  Splice  Case 

9 

4 

Galvanic  Current  Measureaents  - 
Bronze  Splice  Case 

10 

5 

Galvanic  Currant  and  Potential 

Maasuraawnts 

15 

6 

Structure-to-’Bleetrolyte  Potential 
Measureaents  - Bronze  Splice 

Case,  Cable  Sheath,  and  Bach  Bolt 

18 

7 

Barth  Current  Meter  Tests  at  Bolts  - 
Bronze  Splice  Case 

24 

» 

• 

8 

Corrosion  Resistance  of  Bronze  Bolts 
for  Bronze  Splice  Case 

26 

« 

9 

Field  Test  Readings  froa  Site  "L" 

30 

10 

Field  Test  Readings  froa  Site  “B'* 

' 34 

(The  reverse  of  this  page  is  blank) 


-V,- 


SBCTION  X 


XimODUCTIOtl 


BBCKOROUND 

Several  thousand  cast  Iron  splice  cases  vere  used  vben  the  Hardened 
Znterslte ) Cable  Systesi  (HICS)  was  installed  between  the  HinutesMn  silos 
during  the  1960s.  Since  then,  several  hundred  splice  cases  preaaturely 
failed  due  to  corrosion  and  were  replaced  with  aluninun  splice  cases.  The 
aliadJUSB  splice  cases  also  corroded,  so  bronse  splice  cases  were  used  with 
slfpilficantly  better  results.  However,  several  thousand  cast  iron  and 
aluaiinuB  splice  cases  are  still  in  use  and  these  will  fail  prasuiturely 
unless  a aethod  is  found  to  Bitigate  their  corrosion. 

The  splice  case  corrosion  failures  occurred  beesuse  the  graphite 
iapregnated,  polyethylene  cable  sheath  on  the  HICS  was  electrically  con- 
tinuous with  the  splice  case.  This  interconnection  of  dissiad.lsr 
Bsterlals  resulted  in  severe  gslvanic  corrosion  of  the  splice  case,  since 
the  cable  sheath  acted  as  a very  large  cathode.  The  only  feasible  solu- 
tions to  this  problea  would  be  to  iqnply  cathodic  protection  and  to  replace 
the  failed  cast  iron  and  alualnua  splice  cases  with  a aore  corrosion 
resistant  splice  esse,  such  as  a fiberglass  reinforced  plastic  splice 


Therefore,  HQ  SAC  requested  that  the  APCBC  conduct  research  to  aeet 
the  following  test  objectives: 

a.  Develop  a procedure  to  deteralne  the  aagnltude  of  corrosion 
for  cast  iron  and  aluadnui  splice  cases. 

b.  Deteralne  the  surface  potential  criteria  required  to  obtain 
adequate  cathodic  protection  for  these  splice  cases. 

Laboratory  tests  were  conducted  to  deteralne  the  aagnltude  of  corro- 
sion and  to  dsvelop  a technique  for  deteralng  the  surface  potential  cri- 
teria. The  tests  were  coapleted  at  Tyndall  AFB  FL  using  actual  splice 
cases  furnished  by  HQ  ShC.  Subsequent  field  tests  were  then  conducted  at 
a Hinutaaan  alssile  coaplea  near  Nhiteaan  STB  HO  to  verify  the  laboratory 
results . 


SBCTKW  XZ 


LABORATORy  TRSTS 


A.  AHALYSIS 

The  d*gr««  of  galvanic  corroalon  occurring  on  the  spllca  caaas  dopands 
on  savaral  varlablas,  such  as  slactrlcal  potential  bstwssn  tha  anoda 
(splica  caaa)  and  cathode  (graphite  iapregnatad  cable),  soil  resistivity, 
proxlaity  of  anoda  to  cathode,  and  relative  surface  areas  of  anode  and 
cathode.  In  noat  cases  the  cathode  area  is  at  least  3000  tisMS  greater 
than  the  anode  (Figure  1)  ao  the  splice  case  will  be  subject  to  a hi^ 
density  of  current  discharge.  The  majority  of  this  current  discharge 
would  logically  occur  where  the  cable  enters  the  splice  case  idilch  further 
accelerates  corrosion  failure.  Finally,  the  amount  of  current  flow  is 
directly  proportional  to  the  electrical  potential  difference  between  the 
splice  case  and  the  graphite  iepregnated  cable.  Based  on  this,  the  aluai- 
num  splice  case  should  fall  much  quicker  than  the  bronse  splice  case. 

B.  TBST  OBJBCTIVBS 

Several  laboratory  teste  were  conducted  to  verify  the  above  analysis 
and  to  meet  the  following  test  objectives  for  each  type  splice  case: 

a.  Determine  magnitude  of  corrosion. 

b.  Locate  areas  of  sMucimum  current  discharge. 

c.  Develop  a method  for  determining  the  minimum  cathodic  protec- 
tion required.  The  method  should  be  field  usable  to  determine  surface 
potential  criteria. 

C.  TBST  APPARATUS 

Field  conditions  were  sisKilated  by  placing  each  splice  case  in  e large 
steel  trough.  The  inside  of  the  trouf^t  was  well  coated  to  insulate  the 
splice  case  and  cable  frem  the  steel,  so  that  galvanic  corrosion  would  be 
confined  to  just  the  splice  case  and  the  cable.  The  trouffhs  %rare  filled 
with  iqq>roslmately  330  gallons  of  water  which'  was  chemically  altered  to 
represent  the  corrosive  environment  for  splice  cases  near  VRiiteman  AFB  MO 
(pH  of  6 and  soil  resistivity  of  1160  ohm-cm) . 


2 
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Notes; 

1.  Assume  that  Splice  Case  B Is  a 2 foot  diameter  ball  whose  surface 
area  is  12.56  sg  ft. 

2.  If  one  half  of  each  cable  affects  Splice  Case  B,  then  the  surface 
area  of  cable  Involved  is: 


19,646 


ft  + 7,457  3C 
2 


13,551  sq  ft 


3.  The  ratio  of  graphite  area  to  splice  case  area  in  this  example  is: 


4. 


13,551  sq  ft 
12.56  sq  ft 


* 1,080  or  1100  to  1 


In  this  case,  the  splice  case  will  be  subject  to  a high  density  of 
current  discharge. 


Figure  1.  Surface  Area  Ratio  Exasqple  - Cable/Splice  Case 


TABLE  1.  OPEN  CIRCUIT  DRIVING  POTENTIAL 


Metal 

Volts 

Driving  Potential  with 
Respect  to  Graphite  (Volts) 

Aluminum 

-1.01 

1,01  to  1.11 

(Alclad  35) 

Cast  Iron 

-.68 

.68  to  .79 

Bronze 

-.38 

.38  to  .48 

(Coiq>osition  G) 

Graphite 

- - - - — 1 

not  listed,  but 
usually  0 to  +.1 

0.0 

Note:  Typical  open-circuit  potential  measured  with  copper  sulfate 
reference  electrode,  (from  AFM  88-9,  Chapter  4,  Table  4—2) 


Th*  gr^hite  lopregnated  cables  were  curbed  around  inside  the  trou^ 
and  kept  beneath  the  water  surface  as  nuch  as  possible.  Although  this  did 
not  provide  the  sasM  anode  to  cathode  surface  area  ratios  found  in  the 
field,  it  was  still  considered  sufficient  to  meet  the  test  objectives 
since  more  representative  data  would  be  available  from  the  field  tests. 

The  aluminum  and  bronze  splice  cases  furnished  for  this  test  were  new 
and  had  two  cables  attached  to  them.  In  addition,  the  aliasinum  splice  case 
had  an  epoxy  resin  coating  which  appeared  to  be  in  good  condition.  The 
cast  iron  splice  case  provided  was  used  and  had  three  cables.  Figure  2 
shows  a typical  test  set-up  using  an  aluminum  splice  case. 

D.  TBSTS  TO  DETBSMINB  MACMITUDE  OF  CORROSION 

The  cable  sheath  on  the  HlCS  consists  of  a copper  shield  covered  with 
graphite  impregnated  polyethylene.  This  sheath  is  normally  electrically 
continuous  with  the  splice  case  but  for  this  test  the  sheath  was  insulated 
from  the  splice  case.  The  cable  sheath  and  the  splice  case  were  then 
connected  by  a wire  to  regain  continuity,  and  to  permit  measurement  of  the 
galvanic  corrosion  current  on  each  cable.  The  total  corrosion  current  was 
then  calculated,  as  the  sum  of  the  currents  from  each  cable  returning 
throu^  the  wires  to  the  splice  case . Figure  3 graphically  shows  the 
galvanic  corrosion  current  flow  and  measurement  technique.  Tables  2,  3 
and  4 show  a sampling  of  the  galvanic  corrosion  currents  which  were 
measured  for  each  of  the  three  different  splice  cases.  may  not  exactly 
be  the  total  of  X , I , and  I because  of  internal  resistance  of  the 

. X A w 

assMter . 

1.  Cast  Iron  Splice  Case.  The  corrosion  current  steadily 
increased  over  a 90  day  period  from  3.25  to  5.23  milliampers  (ma)  where  it 
remained  relatively  constant.  Corrosion  damage  consisted  of  generally 
uniform  surface  corrosion  with  some  Isolated  pitting. 

2.  Aluminum  Splice  Case.  A startling  result  of  the  lab  test  was 
the  fact  that  the  initial  corrosion  current  for  the  coated  splice  case  was 
so  high,  since  corrosion  can  only  occur  at  holidays  in  the  coating.  The 
initial  corrosion  current  was  4.99  ma  but  it  rapidly  decreased  to  a steady 
.10  ma  within  20  days.  Corrosion  damage  was  confined  to  holidays  in  the 
epoxy  resin  coating  as  evidenced  by  the  white  tubercule  formations  of 
aluminum  oxida  which  are  visible  in  Figure  4.  The  high  resistance  of  this 
altasinum  oxide  is  probably  what  caused  the  significant  reduction  in  corro- 
sion current.  However,  even  this  corrosion  current  caused  substantial 
dasuige,  since  all  of  the  corrosion  current  was  concentrated  at  the  holi- 
days. Flgura  5 shows  a pit  40  mils  deep  after  only  60  days  exposure. 

3.  Bronze  Splice  Casa.  Corrosion  Current  from  the  bronze  splice 
casa  was  hif^r  than  expected.  The  corrosion  current  between  the  splice 
case  and  cable  sheeth  started  at  0.96  ma,  increased  to  1.99  ma,  and 
settled  down  to  1.6  ma.  Corrosion  damage  to  the  bronze  was  not  eiqpected 
to  be  significant  since  the  galvanic  potential  between  bronze  and  graphite 
is  small. 
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MIU^IAMMETER 


^ Ij,  * Diractlon  autd  magnitude  of  corrosion  current  in  Cable  #1. 

— — ^ > Galvanic  corrosion  current  from  anode  (splice  case)  to 
k cathode  (cable) . 

- Total  corrosion  current  is 

Notes; 

1.  Cable  sheath  is  insulated  from  the  splice  case. 

2.  External  bond  wire  electrically  connects  cable  sheath  to  the  splice 
case  and  permits  measurement  of  corrosion  current.  Other  bond  wires 
were  shorted  to  the  case  while  current  was  being  measured. 


Figure  3.  Test  Set-up  For  Measuring  Galvanic  Corrosion  Current 


TABLE  2.  GALVANIC  Cd 

CAST  IBO 

B SPLICE  CASE 

Date  of  test 

("a) 

a 

CM 

M 

I 

I 

Teap*  (•? 

17  May  76 

1.280 

0.725 

1.245 

3.245 

72 

18  May  76 

1.350 

0.742 

1.286 

3.378 

69 

19  May  76 

1.377 

0.769 

1.283 

3.429 

70 

20  May  76 

1.387 

0.786 

1.271 

3.444 

71 

21  May  76 

1.380 

‘ 0.780 

1.281 

3.441 

73 

24  May  76 

1.450 

0.874 

1.345 

3.669 

70 

25  May  76 

1.438 

0.859 

1.306 

3.603 

68 

26  May  76 

1.426 

0.857  ' 

1.264 

3.547 

70 

27  May  76 

1.455 

0.910 

1.306 

3.671 

72 

29  June  76 

1.524 

1.095 

1.396 

4.015 

75 

9 July  76 

1.559 

1.086 

1.429 

4.074 

73 

10  August  76 

1.550 

1.293 

1.485 

4.328 

70 

11  August  76 

1.551 

1.291 

1.481 

4.323 

70 

12  August  76 

1.527 

1.273 

1.375 

4.175 

69 

16  August  76 

1.509 

1.280 

1.386 

4.175 

68 

18  August  76 

1.511 

1.268 

1.390 

4.169 

67 

23  August  76 

1.443 

1.250 

1.227 

3.920 

77 

24  August  76 

1.475 

1.247 

1.246 

3.968 

79 

25  August  76 

1.520 

1.324 

1.396 

4.240 

14  Septeaber  76 

1.910 

1.730 

1.590 

5.230 

72 

"Average  teaperature  vaa  71.67  F 


TABLE  3.  GALVAMZC  CURRENT  MEASUREMENTS  - ALUNZMIM  SPLICE  CASE 


DATE  OF  TEST 

(ma) 

I2  (®a) 

Lj.  (ma) 

TEMP* 

(°F) 

3 September  76 

• 2.56 

2.34 

4.99 

79 

7 September  76 

1.13 

1.10 

2.23 

62 

8 September  76 

1.40 

1.24 

2.64 

67 

9 September  76 

1.46 

1.29 

2.75 

68 

13  September  76 

0.64 

0.73 

1.37 

75 

16  September  76 

0.99 

0.86 

1.85 

75 

20  September  76 

0.030 

0.027 

0.057 

70 

23  ^September  76 

0.051 

0.053 

0.104 

74 

* Average  temperature  was  7l.25°F. 
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TABLE  4.  GALVANIC  CURRENT  MEASUREMENTS  - BRCMZE  SPLICE  CASE 


DATE  OF  TEST 

(ma) 

I^  (ma) 

TEMP* 

(°F) 

17  November  76 

0.431 

0.535 

0.966 

70 

18  November  76 

0.530 

0.578 

1.108 

70 

19  November  76 

0.535 

0.580 

1.150 

71 

30  November  76 

0.659 

0.732 

1.391 

71 

2 December  76 

0.817 

0.713 

1.530 

71 

3 December  76 

0.950 

0.845 

1.800 

70 

14  December  76 

1.050 

0.936 

1.990 

71 

20  December  76 

0.830 

0.799 

1.630 

70 

27  December  76 

0.684 

0.783 

1.467 

70 

4 January  77 

0.720 

0.820 

1.540 

69 

17  January  77 

0.763 

0.865 

1.628 

70 

24  Jwueury  77 

0.771 

0.871 

1.640 

69 

* Average  ten^rature  was  70.17°F. 
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Howcvar,  brons*  aplic*  €•••■  have  failed  In  tha  field  whan  the  atainlasa 
ataal  bolta  auatainad  aavara  corrosion  daaaga.  Thia  problaai  of  bolt 
failure  peculiar  to  bronaa  aplica  casaa  only  ao  additional 

taating,  aa  daseribad  in  paragr^h  O.  Saetion  ZZ,  waa  aceoapliahed  with 
tha  following  reaulta: 

a.  Moat  of  tha  atainlaaa  ataal  bolta  usad  on  tha  firat  bronze 
aplica  caaaa  ware  anodic  to  both  tha  aplica  case  and  tha  graphite  iapreg- 
natad  cable. 

b.  Bronze  bolts  *rara  subsequently  usad  but  these  had  stain- 
less steal  washers  and  nuts  which  were  anodic  to  the  bolt  and  thus  sus- 
tained severe  corrosion  dasuige. 

c.  The  bolts,  washers,  and  nuts  should  be  of  sisiilar  naterial  i 

and  have  a natural  galvanic  potential  either  equal  to  or  slightly  aK>re 

positive  than  the  splice  case  in  order  to  nlnlaize  corrosion.  ^ 

B.  TB8T  TO  LOCBTB  BMUS  Or  MBXZMUH  CURRENT  OZSCHBRB  / 

Tha  Barth  Currant  Meter  principle  was  used  to  neasure  current  leaving  j 

tha  splice  case  and  flowing  into  the  electrolyte . Although  an  earth  j 

currant  aeter  waa  not  available  for  the  lab  tests,  the  principle  was  used  I 

by  sMasuring  two  copper-copper  sulfate  half  cell  electrodes  in  the  elec- 
trolyte, oom  placed  close  to  the  splice  case  and  one  placed  four  inches 
away.  These  electrode  positions  were  aoved  radially  around  the  splice 
case  to  find  the  area  of  greatest  potential  drop.  Zn  all  three  splice 
cases,  the  point  of  aiaslswsi  corrosion  turned  out  to  be  the  end  of  the 
splice  case  close  to  a cable.  Also,  in  every  case,  the  direction  of  the 
current  flow  in  the  electrolyte  was  away  froai  the  splice  case,  indicating 
corrosion  of  the  splice  ease. 

F.  TESTS  TO  OBVBZOP  A MBTHOD  FOR  DRTBRMZNO  THB  MINIMUM  CATHODIC 

FROTBCTZOM  RBQUZRBD 

The  amst  accurate  way  of  detenainlng  when  splice  cases  are  protected 
is  to  use  earth  current  electrodes  against  the  splice  case  at  every  splice 
case  location.  Since  theae  aplica  cases  are  deep,  a surfaca  potential 
■easuranent  above  ground  over  the  splice  case  would  save  an  enorvoua 
aawunt  of  tlae,  labor  and  equipsisnt . This  Method  was  usad  both  in  the  lab 
and  during  tha  field  tests  to  develop  surface  potential  criteria  for 
splice  eases.  Zt  should  be  recognized  that  when  this  technique  is  used  in 
the  field,  the  surface  potential  criteria  will  be  valid  only  for  splice 
cases  of  the  sane  Material,  buried  at  the  saMe  depth,  and  tied  to  the  sane 
aise,  graphita-iapreganted  cable  sheath. 


Practical  Applications  of  the  Barth  Current  Meter,  by  Burton 

McCollun  and  K.  H.  Logan,  DepartsMnt  of  CoauMree,  Bureau  of  Standards, 
Nashington  DC,  Paper  No.  351. 
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In  tlM  lab,  cathodic  protection  was  used  to  reduce  the  corrosion 
current  to  zero  at  the  point  of  smsIsnsb  corrosion.  Table  5 shows  the 
currents  of  the  splice  case,  the  cables,  and  the  rectifier  with  the  reetl> 
fler  on  and  off.  Also  shown  Is  the  potential  between  B and  B^  and  tha  • 

structure- to-earth  potentials  of  the  splice  case,  close  {*§  Inch  above  the 
splice  case)  and  at  the  surface  of  the  electrolyte  (5  Inches  above  the 
case).  Figure  6 shows  the  test  set-up.  Figure  7 shows  the  circuitry  used 
to  measure  the  rectifier  current. 

Referring  to  Table  5 and  Figure  7,  without  cathodic  protection  the 
galvanic  corrosion  current  (I  ) Is  equal  to  the  sum  of  currents  In  each 
cable  • When  cathodic  protection  Is  spiled,  the  polarity  of  I 

will  reverse  before  the  potential  between  the  electrodes  becoaws  zero? 

Therefore,  I Is  negative  when  corrosion  of  the  splice  case  Is  stopped  by 
cathodic  protection,  and  I Is  uiuch  greater  with  cathodic  protection 
current  flowing.  When  the  rectifier  la  off,  the  structure-to-earth  poten- 
tial decreases  as  the  electrode  Is  moved  farther  away  from  the  splice 
case.  This  Is  because  the  potential  Is  Influenced  more  by  the  graphite 
when  the  electrode  Is  further  away  from  the  splice  case.  The  structure- 
to-earth  potential,  B^,  Is  greater  than  B^  when  the  rectifier  Is  on, 
because  the  potential  *ls  Influenced  more  by  the  Impressed  current  anode 
when  the  electrode  Is  farther  away  from  the  splice  case.  Also,  a poten- 
tial drop  caused  by  rectifier  current  flowing  through  the  electrolyte 
between  the  electrode  and  the  splice  case  will  add  to  the  potential  B^. 

Influence  from  an  anode  bed  will  not  be  a problem  In  the  field  since 
the  anode  bed  will  be  thousands  of  feet  to  miles  away  from  the  splice 
cases.  Homver,  potential  drop  throu^  the  electrolyte  (IR  drop)  Is 
always  a problem  when  measuring  structure-to-earth  potentials,  especially 
on  bare  structures  (requiring  high  current)  In  hl(^  resistivity  soils. 

The  potentials  measured  In  the  field  to  develop  the  criteria  will  Include 
IR  drop,  these  criteria  will  be  valid  only  for  the  seme  type,  size  and 
depth  of  splice  cas'5  In  similar  soil  resistivity. 

O.  BOLT  TBSTS  FOR  BRONZB  SPLICB  CASBS 

Althoui^  corrosion  dasMge  to  bronze  splice  cases  was  Insl^ilflcant  In 
the  laboratory,  they  have  failed  In  the  field  when  the  stainless  steel 
bolts  sustained  severe  corrosion  daawge.  This  problem  of  bolt  failure 
seems  limited  to  bronze  splice  cases  only,  so  additional  laboratory 
testing,  as  described  In  this  section,  was  accomplished. 

Table  6 shows  the  str\icture-to-electrolyte  potentlels  for  the  bronze 
splice  case,  the  cables,  and  each  bolt.  The  set-iq>  used  to  make  these 
measureswnts  Is  shown  In  Figure  8.  With  the  cables  Isolated  from  the 
splice  case  (open  circuit) , the  potentials  of  the  cables  with  respect  to  a 
CuBo  electrode  were  -0.038  volts  and  -0.040  volts  and  the  potential  of 
the  bronze  splice  case,  with  the  electrode  held  et  the  center  of  the  case 
(away  from  any  bolts),  was  -0.085  volts.  Potentials  of  the  splice  case 
with  the  CuSo^  electodes  positioned  close  to  each  bolt  are  listed  In  Table 
6.  These  potentials  Indicate  that,  with  the  exception  of  bolts  2,  7,  9, 
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TABLE  5.  OALVAHIC  CUKRENT  AND  POTENTIAL  MEASUI 
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between  & E2  was  equal  to  zero. 

The  negative  pole  of  the  rectifier  was  connected  to  the  splice  case. 

A type-FN  cast  iron  splice  case  was  used  for  these  tests. 

See  Figure  6 for  the  test  set-up  to  Measure  the  galvanic  current  and  potential. 


MILLIANMETER 


RECTIFIER 


Figure  7.  Circuitry  Used  to  Measure  Rectifier  Current 
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TABLE  6.  STRUCTURE  TO  ELECTROLYTE  POTENTIAL  MEASUREMENTS  - BRONZE 
SPLICE  CASE,  CABLE  SHEATH,  AMD  EACH  BOLT 


NEGATIVE  OF  METER  CONNECT- 
ED TO  / ELECTRODE  POSITION 

POTENTIAL  (VOLTS) 

CABLE  SHORTED  TO  CASE 

CABLE  ISOLATED  FROM  CASE 

Splice  Case/  A 

-0.108 

-0.085 

Cable  1/  B 

-0.097 

-0.038 

Cable  2/  C 

-C . 098 

-0.040 

Bolt  1/  Splice  Case  . 

-0.200 

Bolt  2 (clean) /Splice  Case 

-0.080 

Bolt  3/  Splice  Case 

-0.170 

Bolt  4/  Splice  Case 

-0.179 

Bolt  5/  Splice  Case 

-0.150 

Bolt  6/  Splice  Case 

-0.120 

Bolt  7 (clean) /Splice  Case 

-0.095 

Bolt  8/  Splice  Case 

-0.250 

Bolt  9 (clean) /Splice  Case 

-0.091 

Bolt  10 (clean) /Splice  Case 

-0.086 

Nof  8 

1.  Negative  of  neter  was  connected  to  each  Individual  bolt  and  the  electrode 
placed  adjacent  to  the  bolt  for  these  measurements. 

2.  The  surface  of  bolts  2,  7,  9,  and  10  were  clean,  while  the  other  bolts  had 
a thin  film  of  corrosion  products  on  them. 

3.  These  measurements  were  taken  before  the  six-month  exposure  test  (Table  7). 

4.  See  Figure  8 for  the  lab  set-up  used  to  obtain  these  measuresMnts. 
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Figure  8.  Lab  Set-up  for  Earth  Current  Meter  Tests  at  Bolts-  Bronze  Splice  Case 
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and  10,  th*  bolts  are  anodic  to  the  apllce  case  and  the  eablaa.  Poten- 
tials of  bolts  2,  7,  9,  and  10  were  very  close  to  the  potential  of  the 
bronze  case  (-0.080  to  -0.095  volts).  Althouf^  this  test  does  not  give 
the  open  circuit  potential  of  each  bolt,  it  does  show  whether  the  bolt  is 
anodic  or  cathodic  to  the  splice  case  and  the  cables. 

bn  ei^osure  test  was  then  conducted  with  the  resistivity  of  the  water 
maintained  at  1400  ohai-cn.  After  155  days  in  the  trough,  visual  obsarva- 
L tlon  showed  that  the  nuts  or  bolts  1,  3,  4,  5,  6,  and  8 %fera  badly  cor- 

roded and  that  bolts  2,  7,  9,  and  10  were  clearly  not  corroded.  Figure  9 
shows  the  difference  between  a corroded  nut  (number  1)  and  a noncorroded 
nut  (number  10). 

Although  the  earth  current  meter  requisitioned  for  this  project  did 
not  arrive  in  time  for  the  active  field  tests  conducted  near  Whltaum  AFB 
MO,  it  was  used  to  detect  which  bolts  were  anodic  and  ifhich  were  cathodic 
around  the  bronze  case  in  the  lab  after  the  field  tests  were  com- 
pleted. The  results  of  these  tests  show  that  although  corrosion  of  the 
bronze  case  will  not  be  a problem,  corrosion  of  tha  bolts  dafinltaly  will 
be.  Table  7 shows  the  voltage  drop  (le*)  in  the  electrolyte  adjacent  to 
the  bolts.  These  voltage  drops  are  directly  proportional  to  the  corrosion 
current  that  causes  them.  Only  bolts  2,  7,  9,  and  10  were  left  uncorroded 
after  the  splice  case  had  been  ijmeersed  in  water  for  six  months.  Both  the 
structure- to-electrolyte  potentials  (Table  6)  and  the  earth  current  meter 
readings  (Table  7)  could  have  predicted  this.  After  IH  years,  the  trou^ 
was  drained  and  the  splice  case  was  photogrigahed.  Figures  10  and  11  show 
that  corrosion  caused  complete  disintegration  of  nuts  1,  3,  4,  and  8. 
Nuts  5 and  6 %rere  also  completely  corroded  away. 

HQ  SAC  has  begun  to  specify  bronze  bolts  with  their  bronze  apllce 
cases  to  avoid  the  corrosion  problem  with  stainless  steel  bolts.  Two 
bronze  bolts  from  HQ  SAC  were  lab  tested  for  their  corrosion  resistance 
with  bronze  splice  cases.  These  bronze  bolts  were  placed  into  an  elec- 
trolyte that  was  adjusted  to  a resistivity  of  1000  ohai-cm.  Two  stainless 
steel  bolts  from  the  bronze  splice  case  (one  corroded  and  one  not)  were 
also  placad  in  the  electrolyte.  Potentials  were  measured  between  the 
bolts,  nuts,  and  washars  to  determine  if  galvanic  corrosion  could  be 
eq^cted  and  which  ones  would  corrode.  Figure  12  shows  the  tests  set-up 
and  Table  6 shows  the  results. 

A corrosion  problem  should  not  be  expected  when  bronze  bolts  are  used 
on  a bronze  splice  case,  but  the  nuts  and  washers  that  coaw  with  the 
bronze  bolts  are  stainless  steel  and  will  corrode. 
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TABLE  7.  EABTM  CUI 


NBRK  TESTS  AT  BOLTS  > BRONZE  SPLICE  CASE 


BOLT  NUMBER 

Ee*  (volts) 

1 

+ .240 

2 

+ .010 

3 

+ .240 

4 

+ .162 

5 

+ .340 

6 

+ .090 

7 

-.007 

8 

+ .215 

9 

+ .015 

10 

-.006 

Hof; 

1.  Itie  Earth  Current  Meter  Principal  was  used  to  determine  idiich 
bolts  were  anodic  and  which  were  cathodic. 

2.  Ee*  is  the  voltage  drop  between  electrodes  P.  emd  P . These 
voltage  drops  are  directly  proportional  to  tne  corrosion  current 
that  causes  them.  For  Example; 

(R)(Ee')(I_) 

corrosion  current  (i)  - — — -o— 

®c 

For  Bolt  #5,  Ee'  ■ +.340  volts 

E “1.15  volts 
I®  - 17.5  ma 
R - 6.6  (constant) 

Corrosion  Current  For  Bolt  #5  « (6.6) (.^40^(17.5)  ^ ma/sq  ft 

3.  See  Figure  8 for  the  test  set-up  used  to  get  the  data  In  this 
table. 
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TABLE  8.  OOBEOSIOM  USISTAMCE  OF  BIOHZE  BOLTS 


FOE  BRONZE  SPLICE  CASES 


Meter  Connections 

Potential  (Volts) 

♦ 

- 

a 

b 

d.ONS 

c 

a 

-0.380 

c 

b 

-0.400 

d 

a 

-0.0160 

e 

a 

-0.006 

d 

e 

♦0.013 

d 

b 

-0.001 

e 

b 

♦0.042 

d (nut) 

e (nut) 

-0.4810 

c (nut) 

e (nut) 

-0.0280 

d (bolt) 

e (bolt) 

-0.1601 

b 

b.  (washer) 

♦0.1520 

b 

b-  (washer) 

-0.3000 

b 

b.  (washer) 

♦0.2900 

b 

b^  (washer) 

♦0.1880 

Hot€>; 


1.  Electrolyte  wee  fonwelted  by  edding  chloridee  to 
wetcr  until  1000  oha-ca  wee  obtained. 

2.  Potentials  were  aeesured  using  a Digital  Nulltl-Meter 
(polarity  as  Indicated). 

3.  See  Figure  12  for  the  set-up  used  to  aeasure  the  corrosion 
reslatance  of  bronxe  bolts  for  bronse  splice  cases. 

Legend ; 

a A b ■ bronse  bolta 

c • stainless  steel  nut  froa  bonse  bolt  (anode) 
d • corroded  atalnless  steel  bolt  froa  bronse  splice  case 
e > non-corroded  stelnleas  ateel  bolt  froa  bronse  splice  ease 
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SECTION  III 


FXEU)  TESTS 


A.  GENERAL 

The  earth  current  aeter  principle,  idiich  was  proven  in  the  lab,  was 
used  to  detect  anodic  areas  along  two  splice  cases  in  the  fiald.  Two 
copper-copper  sulfate  electrodes  were  used  to  aake  aessureaents  on  an 
sluainuB  and  a cast  iron  splice  case  at  a aissile  coaplex  near  Nhitasum 
AFB,  HO.  Figure  13  shows  a portion  of  the  hardened  intersite  cable 
systea.  The  outer  cable  circle  has  a dlasMter  of  about  10  alias.  All  of 
the  cable  sheaths  are  electrically  connected  to  thaasalves  and  to  the 
underground  steel  structures  at  the  aissile  sites.  Therefore,  any  catho- 
dic protection  applied  to  the  aissile  structures  will  spill  over  onto  the 
cables  and  the  splice  cases.  Figure  13  also  shows  the  location  of  the 
splice  cases  on  the  cable  between  B-1  and  B-2.  Cathodic  protection  recti-  ; 

fiers  are  located  at  site  LCF  B-1  and  site  LF  B-2.  These  rectifiers  are 
desisted  to  protect  the  underground  aetallic  facilities  at  these  two 
sites . 

A cast  iron  splice  case  at  site  E and  an  alualnua  splice  case  at  site 
L %rere  excavated  and  tested.  It  was  detensined  that  the  alusilnua  splice 
case  at  sits  L is  affected  only  by  the  rectifyer  at  LF  B-2.  The  aagnitude 
of  the  corrosion  currents  leaving  the  splice  cases  was  detected  by  placing 
two  electrodes  close  to  the  splice  case  and  xovlng  theai  radially  around 
the  case  as  shown  in  Figure  14.  The  potentials  iseasured  are  shown  in 
Table  9 and  Table  10. 

B.  ALUMXNOH  SPLICE  CASE 

The  aluxinux  splice  case  was  tied  to  one  7\  inch  circusference 
grig>hite-iapre9Mited  cable  at  a dapth  of  four  feet.  Maxlaasi  corrosion  on 
the  alusinuB  splice  case  occurred  at  position  10  (Table  9 and  Figure  14). 

The  corrosion  currant  leaving  the  splice  case  and  traveling  to  the  cable 
sheath  caused  a potential  drop  in  the  earth  of  38.4  xlllivolts. 
Structure-to-earth  potentials  were  ■easured  with  «’he  electrode  positioned 
as  shown  in  Figure  15.  structure-to-earth  potential  nunber  19  was  the 
highest  negative  leading  indicating  the  strongest  anodic  area. 
Stnicture-to-earth  potential  reading  nwber  18  was  taken  at  the  top  of  the 
bank.  All  other  readings  at  site  "L"  were  taken  within  the  ditch.  For 
this  reason,  location  niaN>er  18  was  used  to  detensine  the  surface  poten- 
tial at  idilch  the  alunlnua  splice  case  was  adaguately  protected. 

With  the  rectifier  at  LF  B-2  set  at  10.5  axps  output,  it  can  be  seen 
froai  Table  9 that  the  corrosion  current  at  the  two-electroda  position 
nuxber  10  was  reducad  to  a laval  that  caused  a potantial  drop  betwaen  tha 
alectrodas  of  only  8.4  aillivolts  and  a surfaca  potantial  at  structure- 
to-earth  potential  location  nunber  18  of  -502  nillivolts.  Since 

there  was  a natural  potential  difference  of  4 aillivolts  between  tha  two 
electrodaa,  the  potential  drops  at  position  10  were  corrected  to  34.4 
aillivolts  with  the  current  off  and  4.4  nillivolts  with  tha  currant  on. 

Tha  potential  raqulrad  at  the  surface  of  the  ground  (at  position  18)  was 
calculated  by  the  expression: 
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POTENTIAL  (allllvolts) 
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two  electrode  change  obtained  ^ surfoce  potential  chuoe  obf  inod 

two  electrode  change  needed  * surface  potential  change  needed 


Therefore : 


38.4  MV  - 8.4  mv  ^ -502  mv  - (-143  wpf) 
34.4  mv  * X 


Solving  for  X;  the  surface  potential  change  needed  for  adequate  protection 
of  the  aliaalnun  splice  case  Is  -409  millivolts.  This  change  added  to  the 
original  surface  potential  of  -143  millivolts  gives  a surface  potential  of 
-552  millivolts.  The  structure-to-earth  potential  required  for  adequate 
protection  of  this  alimiinum  splice  case  is  -552  millivolts  measured  at  the 
surface  of  the  ground. 


C.  CAST  IRON  SPLICE  CASE 


Similar  tests  were  conducted  at  site  E on  a cast  iron  splice  case. 
The  data  taken  is  shown  in  Table  10.  A review  of  the  data  for  the  cast 
iron  splice  case  will  show  that  the  potential  drop  readings  do  not  all 
logically  become  more  negative  as  the  rectifier  output  increases.  Inves- 
tigation of  this  illogical  phenomenon  revealed  that  readings  could  not  be 
‘luplicated  because  once  SKived,  the  two  electrodes  could  not  be  put  back  i«i 
the  exact  same  spot.  In  addition,  it  was  difficult  to  maintain  the  exact 
same  spacing  between  the  two  electrodes  (see  Figure  16).  Time  did  not 
pensit  repeating  all  the  swasurements  which  would  involve  keeping  the 
electrodes  in  the  same  position  while  the  outputs  of  the  two  recifiers 
were  changed  throu;^  the  six  different  values  for  each  of  the  ten  sets  of 
readings.'  It  can  also  be  seen  from  the  data  that  the  potential  drop 
caused  by  corrosion  current  could  not  be  reduced  substantially  with  both 
rectifiers  turned  all  the  way  tq;>  and  so  there  was  no  reason  to  repeat  all 
of  these  readings. 


Af^arently  the  rectifers  were  located  too  far  away.  For  this  reason  a 
temporary  ground  bed  and  rectifier  was  set  up  approximately  400  feet  from 
the  splice  case.  The  water  was  pumped  out  of  the  hole  and  the  potential 
drop  test  was  repeated  using  two  electrodes  at  10  different  positions 
(Figure  14).  The  highest  corrosion  current  was  detected  at  position  10. 
The  potential  drop  at  position  10  caused  by  this  current,  without  moving 
the  two  electrodes,  was  58.4  millivolts.  The  two  electrodes  were  left  in 
the  same  position  while  the  temporary  rectifier  was  cycled  on  and  off. 
The  current  output  from  the  temporary  rectifier  was  increased  until  the 
potential  drop  between  the  two  electrodes  was  reduced  to  xero.  At  this 
point  all  corrosion  was  stopped  or  nullified  by  cathodic  protection. 
While  the  temporary  rectifier  was  cycled  on  and  off  at  this  level  of 
current,  structure-to-earth  surface  potential  was  measured  at  the  top  of 
bank  (position  number  18).  This  surface  potential  was  -170  millivolts 
with  the  temporary  rectifier  off  and  was  -340  millivolts  with  the  tem- 
porary rectifier  on.  Both  B-1  and  B-2  rectifiers  were  off.  The  original 
potential  of  +170  mv  subtracted  fr  , -340  mv  gives  a required  change  in 
potential  of  510  millivolts  for  this  cast  iron  splice  case. 


33 


^ ea 


9>  O 

lA 

as  o 

CM 

CO 

CM 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

sC 

Oh  CO 

»A 

fO 

MT 

CO 

c** 

O 

CO 

trs 

<M 

<s 

fO 

lA 

vO 

HA 

HA 

vO 

CO 

♦ 

♦ 

♦ 

♦ 

♦ 

•f 

4- 

4- 

♦ 

4 

J 

cs 

0\  O 

*A 

lA 

CM 

rv 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

m CO 

o 

CM 

»A 

CM 

•O 

CM 

00 

<M 

-o 

lA 

VO 

HA 

vO 

vO 

CO 

♦ 

♦ 

♦ 

♦ 

+ 

■f 

♦ 

+ 

+ 

4 

O' 

O 

o 

VO 

cn 

CM 

00 

<o 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

o 

cs 

00 

o 

00 

fN. 

ov 

m 

<N 

<n 

cn 

»A 

vO 

sO 

vO 

VO 

CO 

+ 

+ 

+ 

+ 

+ 

■f 

+ 

+ 

4 

4 

, ^ 

vO 

OH 

lA 

00 

CO 

CM 

CO 

CO 

• 

• 

• 

• 

• 

• 

• 

• 

• 

0 

00 

ITH 

00 

00 

lA 

ro 

MT 

, m 

<N 

tn 

VO 

vO 

vO 

vO 

'O 

♦ 

♦ 

♦ 

♦ 

+ 

♦ 

4- 

+ 

4 

4 

«A 

<M 

«o 

hO 

<A 

OH 

«A 

CO 

CO 

Ov 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

»A 

»A 

00 

fn 

»A 

OH  vO 

Ov 

tn 

m 

tn 

HO 

HA 

hO 

HA 

lA 

♦ 

♦ 

♦ 

♦ 

+ 

♦ 

♦ 

+ 

4 

4 

<W 

00 

00 

*o 

OH 

O 

HA  O 

CM 

•O 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

iA 

«n 

CO 

CM 

»A 

00 

SO 

fO 

<S 

CM 

»A 

VO 

HA 

lA 

lA 

•f 

■f 

♦ 

♦ 

■f 

+ 

♦ 

4- 

4 

4 

4 

OH 

1 00 
t 

-108 

-501 

HA 

O 

1 1 

CO 

CO 

00 

OH 

OH 

o 

CM 

♦ 

1 

♦ 

00 

CO 

CO 

00 

OH 

o 

CM 

CM 

1 

♦ 

1 

♦ 

oooc^oo«-<>oooa'incofloc'4oi^O'^ONO 
f0f0f»*>0«-*^csl0000'-t<^00^«-^^ 
I I I I I I I 


« 

fMCM(n<^mv0r«.QO9sOO  •^(sr>«^i/>^r^oo9NO«Hrs<n«^m^r^oo 


SBCTION  ZV 


CB1HODXC  FBOnCTXOM  SURVST  PROCBOURBS  FOR  SPLXCB  CASE 
k.  SURVKT  PROCBDORE 

Th*  earth  currant  Mtar  principle  is  the  aost  accurate  aethod  of 
doteraining  when  splice  cases  arc  protected;  however,  use  of  this  aethod 
as  a routine  survey  procedure  would  require  excavation  of  every  splice 
case  in  question. 

Splice  cases  of  the  sane  aaterial,  buried  at  the  saae  depth,  and  tiad 
to  the  sane  sixe  cable  sheath  as  those  tested  at  Whiteaan  hFB  can  be 
surveyed  without  any  costly  exeavatimi.  This  survey  uses  an  M3M  nulti- 
BMter  and  the  standard  structure-to-earth  potential  procedure  to  SMasure 
the  surface  potential  at  ground  level  above  the  splice  case.  This  neas- 
uresMnt  is  then  coapared  with  the  criteria  developed  during  this  effort  to 
detemlned  how  nuch  cathodic  protection  is  needed  for  adequate  corrosion 
resistance . 

^llce  cases  not  confonsing  to  the  sane  conditions  as  those  tested  at 
Nhitaaan  AFB  will  have  to  be  surveyed  by  the  earth  current  SMter 
principle.  Once  criteria  is  devel(^d  for  each  different  splice  case 
configureation,  then  the  nultlsMter  technique  can  be  used  to  survey  every 
splice  case. 

B.  SURFhCB  POTBNTXAL  CRITERIA 

I 

An  aluninua  splice  case  burled  at  four  feet  deep  and  tied  to  one  7% 
inch  circwference  graphite  lapregnated  polyethyelene  cable  sheath 
retires  a structure-to-earth  potential  of  -552  aillivolts  or  smre  nega- 
tive (with  respect  to  a copper-copper  sulfate  reference  electrode  placed 
over  the  splice  case  at  the  surface  of  the  earth)  or  a change  in  potential 
of  409  aillivolts  in  the  negative  direction  for  adequate  cathodic  protec- 
tion. 

For  adequate  cathodic  protection  of  a cast  iron  splice  case  buried  at 
four  feet  and  tied  to  one  8 inch  clrcunference  graphite  lapregnated  poly- 
ethyelene cable  sheath,  a structure- to-earth  potential  of  -340  aillivolts 
or  aore  negative  (with  respect  to  a copper-copper  sulfate  reference  elec- 
trode placed  over  the  splice  case  at  the  surface  of  the  earth)  or  a change 
in  potential  of  510  aillivolts  in  the  negative  direction  is  required. 

As  a general  rule,  if  the  surface  area  of  the  cable  is  greater  or  the 
depth  is  greater,  then  the  required  potential  will  be  less  negative  and 
vice  versa. 
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SBCTZMI  V 


RBCOMfBMDBTXONS 


1.  Bronse  splice  esses  will  not  require  cathodic  protection,  but  all 
bolts,  nuts,  and  washers  used  in  repair  work  or  new  installation  should 
also  be  bronse. 

2.  Many  missile  installations  do  not  have  cathodic  protection.  Those 
that  have  reported  failed  and  replaced  splice  cases  should  have  first 
priority  for  installation  of  cathodic  protection. 

3.  A follow-on  stud^  to  cateqorlse  splice  cases  os  they  are  now  used  in 
the  field  should  be  initiated.  Splice  cases  should  be  grouped  according 
to  the  splice  case  material,  the  depth  burled,  and  the  sise,  types,  and 
number  of  cables  connected  to  it.  Surf see  potential  criteria  for  each 
category  should  be  developed  using  the  earth  current  meter.  The  degree  of 
variation  in  the  first  few  criteria  should  indicate  whether  or  not  each 
splice  case  configuration  requires  a different  set  of  surface  potential 
criteria.  An  earth  current  meter  and  consultant  services  are  available  at 
the  Air  Force  Engineering  and  Services  Center,  Tyndall  AFB,  Florida. 
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INITIAL  OISnaBVTION 


HS  ArSSC/OBHM  15 
HQ  ADCOH/OmUS  2 
HQ  AFSC/DBIU  2 
HQ  AFLC/DmO  2 
HQ  ATC/OBNU  2 
HQ  AAC/DmUC  2 
HQ  MAC/MMP  2 
HQ  PACAF/DKNU  2 
HQ  BAC/DBW  8 
HQ  TAC/MHD  2 
HQ  USAVI/OnO  2 
HQ  U8AP88/DIMU  2 
HQ  AFRB8/DDM  2 
HQ  USAPA/OBVCT  2 
APRCN-SR/SA  2 
AFRCB-tnt/PRKHH  2 
AFRCI-ai/CRNI  2 
ATIT/DR  2 
NGB/ANO/FSC/DB  2 
HQ  APCS/MB  2 
HQ  AFB8C/TST  1 
HQ  APUC/ROCF  10 
ODC/DOA  2 
HQ  AUL/LSB  71-249  1 
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